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(54) Method and apparatus for accessing a sealed container 

(57) A method and apparatus are provided for 
accessing a sealed container (12), and in particular a 
sealed container which is at a pressure other than 
atmospheric and which generally contains biood or 
other bodily fluid. A piercer (60) and a probe (62) are 
provided which are mounted to a XYZ positioning mech- 
anism (30) and are controlled such that the piercer (60) 
passes through a stopper or seal (14) of the container 
(12), forming a cut therein through which the probe (62) 
may subsequently enter the container. A foot mecha- 
nism (64, 66. 68) is provided whoch is held against the 
stopper or seal for the container during piercer or probe 
removal for stripping purposes and through which the 
probe and piercer pass* the size and shape of the foot 
(68) bing such that for t>oth piercing and probing opera- 
tions, it is over only a single container (12). The piercer 
(60) and probe (62) are operated such that the one not 
being used is in each instance in a raised position rela- 
tive to the one being used. A lubrication station is pro- 
vided in wrhich the piercer is dipped prior to use to 
facilitate the piercing operation, to coat the cut and to 
minimize stopper debris. A wash station is also pro- 
vided. 
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Description 

neld of the invention 

This invention relates to methods and apparatus for 5 
accessing a sealed container to remove the contents 
thereof, and in particular a fluid content, sense proper- 
ties of such content or dispense material into the con- 
tainer, and more particularly to a method and apparatus 
for accessing blood or other bodily fluid from a sealed w 
container, which container may have a reduced or 
increased pressure therein. 

Background of the invention 

IS 

Blood and other bodily fluids are sent in large quan- 
tities to medical laboratories where these fluids are 
processed and tested for diagnostic and other pur- 
poses. In order to minimize cost for such testing, the 
equipment and procedures utilized to process such 20 
sanples are becoming increasingly automated so as to 
permit the procedures to be performed as quickly as 
possible with minimum labor. Further, since blood and 
other bodily fluid are now classified as hazardous sub- 
stances, there are also safety reasons for minimizing 2S 
handling of such specimens by people and for assuring 
that people do not come in contact with such samples. 

The most popular way currently utilized for col- 
lected blood samples is to utilize a container, such as a 
glass tube, which is evacuated to be at relatively low 3o 
pressure and is sealed at its open end with a rubber 
stopper or other puncturalrfe seal. To draw a blood sam- 
ple into the ti^e, one end of a double-ended needle is 
inserted into the patients vein and the other end of the 
needle is inserted through the stopper of the collection 35 
container, the partial vacuum inside the container draw- 
ing blood from the vein into the container. 

When such blood filled containers an-ive at the 
medical laboratory for testing, several procedures have 
heretofore been followed in processing the containers. 4o 
Typically, the container is first "spun down" until all of the 
blood cells have settled to the bottom of the tube, leav- 
ing a layer of plasma or serum on top. The container 
may then have the stopper/seal removed and be placed 
in a sample rack for further processing, or the container 45 
may be unsealed and the plasma decanted into a 
cuvette or other open container for further processing. 
However, these procedures have several drawbacks. 
First, removing the seals is difficult to do automatically 
and is time consuming and expensive to do manually, so 
Further, since the container is usually still under 
reduced pressure, there will be a sudden surge of air 
into the container when the seal Is removed which can 
cause splashing of blood, something which is undesira- 
ble in all circumstances and Is particularly undesirable ss 
when the process Is being performed by a person 
because of the danger of contact with infected blood 
samples. Finally, the samples being in an open con- 



tainer exposes the sanples to potential contamination 
in the laboratory, and the integrity of the samples can be 
better maintained if they remain in their sealed con- 
tainer. 

For this reason, various schemes have been pro* 
posed for permitting aspiration of blood samples or 
other bodily fluid samples frorti the sealed container in 
which such samples are collected and shipped. How- 
ever, these schemes also have limitations. For example, 
some such schemes have a sharp tipped probe pierce 
the seal to remove the sample. However, such probes 
tend to core the seal, which can result in the aspirating 
probe needle becoming plugged, thereby inhibiting 
aspiration of fluid from the container, and can also 
inhit)ft reseating of the container when the probe is 
rerTX)ved. which reseating may be desirable In situations 
such as where the container may continue to be used 
for sample storage. Various schemes for preventing cor- 
ing involve placing the needle opening on the side of the 
needle or otherwise deforming the needle opening. 
However, such schemes result in fluid from the needle 
coming out at an awkward angle when the fluid is to be 
dispensed, significantly complicating the design of the 
laboratory system. 

For this reason, other schemes have utilized a can- 
ula shaped so as to minimize coring to puncture the 
seat, and have then passed an aspirating probe through 
the canula into the container to withdi'aw a desired 
quantity of fluid. These schemes also present a nuni^er 
of potential problen^. First, the canula, being relatively 
large can abrade the rubber stopper, even if coring does 
not occur, causing rubber fragments which may t>e 
drawn Into the probe with the plasma, potentially plug- 
ging the probe and destroying the precision and integ- 
rity of the sanples. Second, the canula presents a 
temporary opening in the container seal through which 
contaminants may enter the container. Finally, the use 
of the canula limits flexibility as to how a number of con- 
tainers on a racK cassette of the like may be sampled. 
In particular, it may be desirable to take a first sample 
from all of the containers of a given group for a particu- 
lar test, and to then go back and take a second sample 
from each such container for a subsequent test. How- 
ever, these systems envision the canula remaining in 
the stopper for the entire test, and not bdng removed 
and reinserted. Therefor, unless a number of canulas 
are provided, something which is generally not feasible, 
all samples required from a given container must be 
taken before the canula Is removed from the corttainer 
and inserted in a subsequent container. 

Finally, one scheme involves using a piercer to form 
an opening or cut in the seal and then passing a needle 
or probe into the container through the cut to aspirate or 
otherwise access the fluid. While this scheme over- 
comes some of the limitations of the procedures dis- 
cussed earlier, it also has limitations. In particular. H can 
leave a ragged opening or cut In the seal, resulting in 
seal fragments as debris which can potentially dog the 
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probe or adversely effect the integrrty of sanples. Fur- 
ther, where samples are being taken from multiple con- 
tainers, as would be the case in a medical laboratory, 
the containers are preferably mounted close together in 
a rack and are not secured in the rack. The spacing 
between the piercer and probe in the prior art system 
limits how closely the containers can be mounted and 
no effective way is provided for stripping the 
piercer/probe from the seal for a loosely/rack mounted 
container. 

Another potential problem with all of the atxsve 
schemes is that at some poirrt during the handling of 
the container, blood cells or other debris from the sanv 
ple may accumulate urvJer the stopper. Since It is 
desired that only the plasma or serum be utilized for 
most tests, blood cells in a specimen may contaminate 
the specimen, rendering the test less vaiki. Such fc>lood 
debris may also t>e misinterpreted by electronic level 
sensing modules frequently used in such systems, 
resulting in the improper collection or aspirating of the 
f lukJ. None of the current schemes adequately deal with 
this potential problem. 

Another problem not fully dealt with in the prior art 
is the need to quickly, but effectively wash and dry both 
the piercer and probe between samplings so as to pre- 
vent any contamination of successive samples by these 
elements. Other improvements in design are also 
required to facilitate high speed operation, with at least 
four accessing operations a minute, while permitting 
accurate, contamination free operation and minimizing 
maintenance problems. 

A need tiierefor exists for an improved method and 
apparatus for collecting blood or other bodily fluids from 
sealed containers or otherwise accessing such contain- 
ers either to collect a desired fluid or otiier substance 
therefrom, to sample or sense properties of the sub- 
stance contained in the container, or to dispense mate- 
rial into such container. Similar needs can exist when 
accessing other fluids from a sealed container such as 
closed sample vials on chromatography samplers or 
quality control sampling of arry materials packaged in 
containers with rutsber stoppers. 

Summary of the Invention 

Therefor, in accordance with the above, this inven- 
tion provkJes a method and apparatus tor accessing 
fluki in a container, which container is sealed by a 
piercable seal. The apparatus includes a piercer, a 
probe having a hollow tube into which f lukl from the corv 
tainer may be drawn, a first mechanism for moving both 
the piercer and the probe in the Z direction, which direc- 
tion is perpendicular to the seal, and a second mecha- 
nism which moves the first mechanism, including the 
piercer and the probe, in X and Y directions, which 
directions are substantially perpendicular to the Z direc- 
tion. For preferred embodiments, at least one of the 
piercer and probe do not normally nrwe with the first 



mectianism, but are selectively attachable to be moved 
therewith. (Controls are provded for operating tiie first 
and second mechanisms to have the piercer pierce the 
seal of a container while, for preferred embodiments, 

5 the probe is maintained a selected distance above the 
seal, to withdraw the piercer from the seal, leaving a cut 
in the seal, and to then have the probe pass through the 
cut in the seal to enter the f luki in the container while, for 
preferred embodiments, the piercer is maintained at a 

10 selected distance atx3ve the seal. 

For preferred embodiments, the apparatus also 
includes a foot through which tiie piercer and probe 
pass, the foot being at the bottom of a foot mechanism 
mounted to normally nrK>ve with the first mechanism in . 

75 the Z direction. The controls preferably lockjh^foot^ 
mechanism against Z direction nrK>venfient when theTooT 
is lowered into contact with the seal of a container and 
release the foot mechanism to again move with the first 
mechanism when the first mechanism has risen to a 

so predetermined position. Where there are a plurality of 
containers to be accessed, which containers are 
nnounted adjacent each other witii a selected space , 
therebetween, the lower seal-contacting surface of the , 
foot has a size and shape such that the lower surface of 

25 the foot contacts only the seal for the container being 
accessed, and does not contact the seal for any adja- 
cent container when tiie foot is lowered either for the 
piercing of the seal by the piercer or for entry of the 
probe through the seal. The foot mechanism and at 

30 least one of tiie piercer and probe (the piercer for the 
ixeferred embodiment) are normally moved downward ^ 
in the Z direction by gravity, such downwaid nrrovement 
being restrained by detents limiting how far below the A 
first mechanism tiiey may fall. A first locking component 

35 operated by the controls locks the foot mechanism 
against Z direction mo vement under selected conditions 
and a second locking conponent is operated by^,the 
controls under selected condition to lock the at least one 
of tine piercer and probe (the piercer for the preferred 

40 emtsodimertt) to tiie first mecfiantsm to move therewitii 
in the Z direction. For the preferred enrbodiment the 
piercer normally rests within, and is detented against 
independent downward movement by the foot. For this 
emtsodiment. when the secorxj locking components 

45 locks the piercer to the first mechanism, the first mech- 
anism moves the piercer downward and upward 
through the foot 

For the preferred embodiment, a lubrication station 
is also provkled, the controls operating the first and see- 
so ond mechanisms to position the piercer over and to dip 
the piercer into the liisrication station before moving the 
piercer to pierce the seal. The lubrication station prefer- 
ably irKsludes a means whk:h controls the depth to which 
the pi&'cer is lubrk:ated and a means for renrxiving 

55 excess lubricant from the piercer before the piercer is 
moved to pierce the seal. The lubricant on the piercer 
permits tiie piercer to pass through the stopper with 
minimum abrasion, thereby substantially eliminating 
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stopper debris which may potentially result from such 
abrasion and the problems associated with such debris. 

The piercer preferably has a plurality of vent holes 
circumferentially positioned above rts tip and a channel 
leading from the vent holes out of the piercer. A suction s 
source is connected to the channel, with the controls 
operating the suction source to apply suction to the vent 
holes from a time before the piercer pierces the seal to 
a time after the piercer is removed from the seal. The 
piercer, including the vent holes, has smooth rounded to 
edges to minimize abrasion of the seal as the piercer 
passes through, further reducing the generation of stop- 
per debris by the piercer. The suction applied to the 
piercer is operative, when the piercer is positioned with 
the vent holes under the stopper, to remove any blood is 
cells or other solid debris which may have accumulated 
under the stopper, thereby preventing false liquid level 
sensings resulting from such debris and preventing con- 
tamination of plasma samples by such debris. The suc- 
tion on the vent holes as the piercer passes through tiie 
stopper also sucks out any stopper debris caused by 
the piercer cutting through the stopper so as to further 
minimize this potential prot»lem. 

To further assure against the aspirating of cell 
debris with a plasma sample, a liquid level detection 
mechanism of which the probe is a part causes the con- 
trols to abort an accessing/aspiration of fluid from a con- 
tainer if such detector generates an output before the 
probe has advanced sufficiently into the container to 
contact fluid. The probe preferably also has vent holes 
at a selected distance above its tip through which pres- 
sure inside and outside the container may be equalized 
when the probe enters the container. The controls may 
operate in conjunction witii the liquid level detection 
mechanism to control the first or 2 direction mechanism 
so that the probe enters fluid in the container to a depth 
between the vent holes and the probe tip and is lowered 
as fluid Is removed by the probe to maintain the desired 
depth for the probe in the fluid. 

Finally, a wash station is provided for preferred 
embodiments for both the piercer and probe. The con- 
trols operate the first and second mechanisms to move 
the piercer and probe over and to immerse the piercer 
and probe in the wash station when accessing opera- 
tions for a container have been completed. An air pres- 
sure source may be connected to the channel leading to 
the vents for the piercer and probe during the wash 
operation to blow air out through the vent holes thereby 
keeping wash fluid out of the holes and channels. The 
wash station may have a separate well for the piercer 
and the probe, witii the controls causing a washing fluid 
to flow through each well during a first part of a wash 
cyde to wash the element therein and causing air to be 
flowed through the well for a second part of the wash 
cyde to dry the corresponding element. . 

The method for accessing a fluid in the sealed con- 
tainer indudes the steps of: 



(a) positioning a foot mechanism and a piercer over 
substantially the center of the seal for a container to 
be accessed; 

(b) moving both the foot mechanism and piercer 
down until a foot at the bottom of the foot mecha- 
nism contacts the top of the seal: 

(c) locking tiie foot mechanism in contact with tiie 
seal; 

(d) moving the piercer down through the foot and 
tiie seal to form a cut in the seal; 

(e) moving tiie piercer upward to, in conjunction 
with tiie toot holding tiie seal against upward 
motion, strip tiie piercer from tine seal; 

(f) unlocking the foot mechanism and moving both 
tine foot mechanism and tiie piercer upward; 

(g) positioning the foot mechanism and the probe 
over the cut in the seal made by the piercer; 

(h) moving the foot mechanism and the probe down 
until the foot contacts the top of the seal and locking 
the foot mechanism in that position; 

(i) moving the probe down through the cut in the 
seal made by the piercer and immersing tiie tip of 
the probe in the fluid; 

(j) accessing the fluid through the probe; 

(k) moving the probe upward to, in conjunction with 

tiie foot holding tiie seal against upward motion. 

strip the probe from the seal; and 

(I) unlocking the foot mechanism and moving botii 

the foot mechanism and the probe upward. 

For preferred embodiments, from a time before tiie 
piercer enters the seal until a time after the piercer 
leaves tiie seat, suction is applied through a channel in 
the piercer and the vent holes circumferentially formed 
about the tip of the piercer to remove debris. For pre- 
fen-ed embodiments, before step (a) is performed, the 
piercer is positioned over a lubrication station, the 
piercer is moved downward to dip the tip of the piercer 
up to a selected depth into a lubricant, and the piercer is 
raised out of the lubrication station. When the piercer is 
raised out of the lubrication station, the step of wiping 
excess lubricant from the tip of the probe may also be 
performed. 

During step (!) when the probe enters tiie container, 
pressure inside and outside of the container may be 
equalized by permitting air to errter the container though 
vent holes in the probe. The probe is perferably lowered 
into the fluid to a depth between tiie vent holes and tiie 
probe tip. with the probe being lowered as fluid is with- 
drawn to maintain the depth of the probe in the fluid 
within such range. 

The process may also indude the steps, performed 
after operations for a given container have been com- 
pleted, of positioning tiie piercer and probe over a wash 
station; lowering the piercer and probe to immerse botii 
in the wash station; performing a wash operation on the 
piercer and probe; and raising the piercer and probe out 
of the wash station. Where at least one of the piercer 



25 



30 



35 



40 



45 



SO 



4 



EP0884 575 A2 



8 



and probe has vent holes leading to a channel therein, 
during times that the piercer arKi probe are in the wash 
station, air is blown out through the vent holes, thereby 
keeping wash fluid out of the holes and channels. 
Whee the wash station has separate wetls for the 5 
piercer and the probe, the washing step may include the 
steps of flowing a washing fluid through each well dur- 
ing a first part of a wash cycle to wash the piercer/probe 
therein, and flowing air through each well during a sec- 
ond part of each wash cycle to dry the piercer/0robe. 70 

The invention also includes a mechanism for itera- 
tively applying a liquid coating to an element tip up to a 
selected length or depth thereof, which mechanism 
includes a fluid reservoir and a pump having a top por- 
tion and a bottom portion, with a sealed chamber nor- is 
mally formed therebetween. The top portion is movable 
vertically relative to the bottom portion to ciiange the 
size of the chamber. The pump is positioned in the res- 
ervoir and has a cup at the top of its top portion, the cup 
having a depth substamially equal to the length of the 20 
element tip to be coated. The top portion is moved down 
to decrease the size of the chamber when the element 
tip is pressed into the cup, with a means being provided 
to return the chamber to its original size when the ele- 
ment tip is no longer pressed into the cup. A first nor- 25 
mally- closed valve is provided which is opened when 
the chamber size is decreased to permit a quantity of 
liquid in the chamber, which quantity is at least sufficient 
to cause the cup to be filled, to flow from the chamber 
into the cup; and a second normally-dosed valve is pro- 30 
vided which is opened when the chamber is being 
returned to its original size to permit liquid to flow from 
the reservoir into the chamber to substantially refit! the 
chamber with liquid. For the preferred embodiment, the 
quantity of liquid which flows into the cup from the 35 
chamber is sufficient to cause some liquid overflow from 
the cup, thereby assuring that the cup is completely full. 
A path may be provided for liquid overflow to retum to 
the reservoir or a path may be provided for such liquid 
overflow to flow to a waste drain. For the preferred 40 
embodiment, the mechanism is a lubrication module, 
with the liquid therein being a lubricant. A wiper is pref- 
erably positioned to be passed through by the element 
tip after leaving the cup to remove excess liquid from the 
tip. with the wiper being a brush for the preferred 45 
embodiment. 

The foregoing and other objects, fe^atures and 
advantages of the invention will be apparent from the 
following more particular description of a preferred 
ennbodiment of the invention as illustrated in the accom- so 
panying drawings. 

In the Drawings 



Fig. 1 is a semidiagramatic front view of a closed 
tut>e blood handling system which utilizes the teachings 
of this invention. 

Fig. 2 is a front/top/right side perspective view of 
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the system shown in Fig. 1 with the piercer, probe and 
piercer-probe positioning mechanisms omitted. 

Rg. 3 is enlarged and more detailed view of the 
probe and piercer positionirig mechanism for the sys- 
tem of Fig. 1. 

Fig. 4 is a further enlarged perspective view of a 
portion of a mechanism shown in Fig. 3. 

Rg. 5 is a view of the Z direction control mechanism 
for the positioning mechanism of Figs. 3 and 4 with its 
coves' removed. 

Rg. 6 is a partially cutaway view of a probe mecha-. 
nism surt^le for use in practicing the teaching of the 
invention. 

Rg. 7 is a diagrammatic view of the probe mecha- 
nism and related components with the probe in position 
to aspirate fluid from a container. 

Rg. 8 is a partially cutaway, partially diagrammatic 
side view of a piercer mechanism in accordance with 
the teachings of this invention when positioned in a con- 
tainer to remove debris therefrom. 

Rg. 9 is a side view of a piercer assembly suitable 
for use in practicing the teachings of this invention. 

Rg. 10 is an enlarged side view of the tip for the 
piercer mechanism shown in Fig. 9. 

Rg. 1.1 is a diagrammatic view of a wash station 
with the piercer and probe mounted therein, which sta- 
tion is suitable for use in practicing the teachings of this 
invention. 

Rg. 12 is a diagrammatic view of the hydraulics for 
the system of Figs. 1 and 2. 

Rg. 13 is a partially cutaway diagrammatic side 
view of a lubrication station suitable for use in practicing 
the teachings of this invention. 

Rgs. 14A and 14B are a cutaway side view and 
side view respectively for alternative emtxxJiments of a 
portion of a lubrication station of the type shown in Rg. 
13. . 

Detailed Description 

Referring first to Figs. 1 and 2, a latx>ratory blood 
analyzer system 10 is shown which system is designed 
to sample blood or other bodily fluid contained in a tube 
or other container 12. which container is sealed by a 
piercable cap or seal 1 4. and to decant the samples into 
a reaction cuvette 16. Tubes 12 are mounted in remov- 
able racks 18 which racks are mounted between corre* 
spending supports 20 at a tube or container mounting 
station 22. A cover 24, which is shown open in Fig. 2, is 
opened to insert and remove racks 18, each of which 
may contain a plurality of tubes 12 mounted adjacent 
each otiier. and is otherwise closed. Cuvettes 16 are 
transferred, using techniques which do not form part of 
this invention, from a hopper 26 to a transport channel 
28 along which they may be moved to a testing and 
analysis station of a type known in the art 

System 10 has a portioning mechanism 30 which 
is moved in the X direction along rail 32. which rail is 
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fixed at its ends in a housing structure 34. The system 
also includes a wash station 36, a lubrication station 38 
and a tip wash 40 which is located at the home position 
for positioning mechanism 30. Lubrication station 38 is 
positioned adjacent and to the right of the location 
where decanting occurs for a cuvette 16 and wash sta- 
tion 36 is located adjacent and to the right the lubrica* 
tion station. 

f-^" ' Rgs. 3-5 show the positioning mechanism 30 in 
greater detail. This mechanism includes pulley 42 and 
belt 43 driven by motor 44 for moving mechanism 30 in 
the X direction, and pulley 45 and belt 46 driven by 
motor 47 for moving mechanism 30 in the Y direction on 
cantilever arm 50. Vertical or Z- direction movement of a 
piercer/probe mechanism 52 is effected by a gear 54. 
driven by a suitable motor 55, spline 57, belt 59 and pul- 
leys 61. driving a rack 56 which terminates in assembly 
58. the insides of which are shown in Fig. 5. A piercer 
60, and a probe 62 extend downward from assembly 58. 
A shaft 64 extends through assembly 58 and terminates 
in a linear rack 66. shaft 64 and rack 66 forming part of 
a foot mechanism which also includes a guard or foot 
element 68. Piercer 60 is normally mounted in and held 
in foot 68 by spring 70. spring 70 normally providing suf- 
ficient friction to the lower end.of piercer 60 to hold the 
piercer 60 in foot 68, but not sufficient friction to prevent 
movement of the piercer through the foot when the 
piercer is engaged by the Z drive mechanism in a man- 
ner to be described later. Shaft 64 tias a slop or detent 
72 which engages the top cover of assen^y 58. inhibit- 
ing the fall of the foot mechanism under the action of 
gravity so that this mechanism moves down with 
assembly 58 under the action of gear 54 and rack 56. A 
hole 74 in shaft 64 is detected by a sensor, for example 
an optical sensor 76, in assembly 58 (Fig. 5). The detec- 
tion of hole 74 by sensor 76 is utilized to control the 
operation of a linear solenoid 78 which, virhen operated, 
engages and locks rack 66 to prevent vertical upward 
movement of the foot mechanism. 

As indicated earlier, piercer 60 is normally not 
attached to move vertically with assen4)ly 58. and 
instead moves vertically vwth foot 68 and the mecha- 
nism to which it is attached under the action of either 
gravity or detent 72 coacting with the cover of assembly 
58. However, piercer 60 has an upper groove 80 (Fig. 5) 
and a lower groove 82 (Fig. 4) formed therein which 
grooves coact with a pawl 84 driven by a rotary solenoid 
86 to lock the piercer to the vertical movement of 
assembly 58 at selected positions of the piercer relative 
to assembly 58 and under selected conditions to be dis- 
cussed later. To assure that the pawl 84 has properly 
engaged piercer 60 under the selected conditions, a 
flag 88 may be provided with the pawl and is in position 
to be sensed by rotary solenokJ sensor 90 when the 
pawl is fully engaged in a groove 80/82. As a protection 
against piercer 60 remaining positioned in a cover or 
stopper 1 4. a clip 92 is provided which fits in a groove 94 
in a top portion of piercer 60 which extends above the 



cover of assembly 58. and coacts with the top of assem- 
> Wy 58 to assure the withdrawal of piercer 60. When 
mechanism 58 is in its fully raised or maximum Z posi- 
tion, which may also be refened to as a home position. 

5 ; a flag 96 attached to assembly 58 blocks a Z home sen- 
sor 98 attached to mechanism 30 (Fig. 3). Once assem- 
bly 58 rrxjves away from its home position, sensor 98 is 
unblocked so as to no longer produce an output. A pinch 
j valve 100 Is also provided which valve is open when the 

m tip 1 12 of probe 62 is under stopper or cap 1 4 to equal- 
I ize pressure inside and outskje of container 12 in a 
( manner to be described later. 
^ Further, there is a sensor 99 (Figs. 3 and 4) which 
looks for a hole 104 in rack 66 going by while the linear 

75 solenoKl 78 shouki have the rack locked in place. If this 
sensor detects hole 104. indicating that foot 68 is mov- 
ing with assemt>ty 58, it sends a signal to the system 
control to initiate conective action. The system 10 is 
controlled by a microprocessor 1 1 (Fig. 2) or other suit- 

^ able control processor, which may be programmed, 
hard wired, or operate as a hybrki of hardware and soft- 
ware to cause the system 10 to operate in the manner 
desaied later. 

Rg. 6 is a more detailed view of the probe mecha- 

2B nism 62. Probe 62 has a probe tip 11 0 with an opening 
112 formed in the bottom thereof which leads into an 
aspirating tube 1 14. Tube 1 14 is preferably formed of a 
material with a low surface adherence such as Teflon. 
Aspirating tube 1 14 is surrounded by an inner tube 116 

30 which may be of a metal such as stainless steel. Inner 
tube 116 is bonded to tip 110 at 118, for example by 
epoxy bonding. An outer or vent tube 120, which may 
also be of a metal such as stainless steel, is epoxy 
bonded at its end to tip 112 (bond 122) and is spaced 

35 from inner tube 116 to form an air channel 124. One or 
more vent holes 126. four vent holes for a preferred 
embodiment, are formed in outer tube 120 at a point just 
above tip 1 1 0, the vent holes providing access to chan- 
nel 124. The edges of all the vent holes are rounded 

40 and the outer surfaces are for example electropolished 
to make these surfaces as smooth as possible so as to 
minimize the creation of stopper debris as the probe 
enters and leaves the stopper. 

Tut»e 114 passes through an air manifold 128 to a 

45 connector 130 which includes a strain relief fitting 132, 
a stainless steel connection fitting 134. a washer 136 
and an O-ring 138. Connector 130 leads to positive dis- 
placement pump 140 (Fig. 7) which may be utilized in 
standard fashion to either aspirate or dispense flukl 

so from probe 62, and to pump fluid therein. 

Channel 124 leads into air manifokJ 128, with outer 
tube 120 terminating at 142 in the manifokJ. The mani- 
fold leads through a vent output or fitting 1 44 to a T junc- 
tion fitting 146. One connection to T fitting 1 46 is from a 

55 Peri pump 148. The other connection from the fitting 
leads to pinch valve 100 and through the pinch valve 
and a vent trap 150 to a line 152 leading to ambient air. 
Figs. 8. 9. and 10 illustrate piercer 60. Piercer 60 has a 
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tip 160 having a sharpened three edge point 162. A plu- 
rality of vent holes 164. for exannple four holes, are 
formed in probe tip 160 which holes communicate with 
a channel 166 formed in the tip. Tip 160 is welded to a 
tube 168 having an opening 170 which communicates 5 
with channel 166 and leads from the piercer through a 
piercer pump 172 to a waste line 174. The manner in 
which the piercer is utilized, as illustrated in Fig. 8. to 
remove debris from container 12, and in particular 
debris such as blood cells located under cap or stopper 
14, will be desaibed later. The grooves 80 and 82 
formed on the outside of piercer 60 have been previ- 
ously mentioned. As for the probe, the vent holes of the 
piercer are rounded and its outer surface smoothed to 
minimize the generation of stopper debris. 

Figs. 1 1 aixl 12 illustrate wash station 36. with Fig. 
12 also illustrating the hydraulics for remaining portions 
of the system. Referring first to Fig. 11, It is seen that 
wash station 36 has a first well 1 80 for tlie piercer and a 
secoruJ well 182 for the probe. When the piercer 60 and 
probe 62 are in their respective wells 180, 182, the 
probe is at a lower level than the piercer. Water or other 
suitable wash fluid is pumped in through line 184 and 
punrps 186A. 186B to a pair of fluid inlets 188A. 188B 
respectively of well 180. Inlets 188 lead to a channel 
190 which then allows the wash fluid to be jetted 
through twelve radially place holes in core 193. which 
are all aimed at the piercer. This results in an even dis- 
tribution of fluid spfay over the outer surface of the 
piercer body and tip as it is withdrawn from the well. The 
wash fluid exits well 180 through a dunp sump 189 
leading to a port 191 and a v/aste line 192. 

Wash fluid in line 184 also passes through pump 
1 94 to fluid intet or port 1 96 leading to well 1 82. this fluid 
washing the outside of the lower portion of probe 62. 
including the tip of the probe. Wash fluid with any blood 
or other substance washed from the probe is removed 
through an outlet port 1 98 under the action of pump 200 
to waste line 192. 

A wash fluid reservoir or bottle 202 is provided from 
which wash fluid may be withdrawn, for example 
through straws, to a first feed line 204 leading into posi- 
tive displacement pump 140 to fill probe 62 above the 
samples, and between samples, in a manner known in 
the art. Fluid from reservoir 202 is also applied to 
pumps 186 and 194. 

Fig. 12 also shows the tip wash station 40, with rts 
connection to waste line 192 and a connection to an 
overflow tray 206. The tip wash station 40 is used to 
wash the tip 1 10 of the probo 62 when it is taking multi- 
ple samples from the same dosed tube or an open tube. 
It works by placing the tip 1 10 into a well in the tip wash 
station and dispensing the left over plasma sample plus 
a quantity of water (for example. 0.5 ml) from the punrp 
140 into the welt. Water and plasma overflow fmm the 
well in known manner to waste line 192 and/or overfbw 
tray 206. This is done after the plasma sample has been 
dispensed into cuvette 16. The waste lines from punrps 



148 and 1 72 both ternr^nate below the cover of tip wash 
station 40. with the ends of these lines being open to air, 
arxj with waste from these lines dripping into the waste 
receptacle from this tip wash. Further, an optional pinch 
valve 208 is shown which leads to a vent liquid trap 210. 
The pinch valve 208 and trap 210 allow the piercer 60 to 
be utilized to equalize pressure between the inside and 
outside of container 12 after the piercer is used to 
remove debris from under the stopper. However, for rea- 
sons to be discussed later, it is generally faster to have 
this equalization function performed by the probe 62 in 
a manner to described later. Finally, an optional pres- 
sure sensor 112 is provided off of the sample vent line. 
This sensor allows a determination to be nr^de as to 
whether the vent line is open and functioning before the 
probe is inserted into container 12 through stopper 14. 
This can be done by trying to pump air out of probe vent 
holes 126 while pinch valve 100 is closed. If all the vent 
passageways are open, sensor 212 will detect little or 
no pressure rise: but if the passageway are blocked, the 
sensor will detect an increasing air pressure. An output 
from the sensor can cause the system controls or proc- 
essor to produce an indication that the probe vent lines 
need to be cleaned out and that sanptes aspirated 
while the lines are blocked may not be reliable. 

The final element of the system is lubrication sta- 
tion 38. which station is shown in Figs. 13. 14A and 14B. 
Referring first to Fig. 13. the station 38 includes an oil 
reservoir or cup 220 containing silicon oil or other suita- 
ble lubricant 222. A pump mechanism 224 sits within 
reservoir 220 and is at least partially immersed in lubri- 
cant 222. As may be best seen in Fig. 14A. punrp 220 
has an upper portion 226 and a letter portion 228, with 
a chamber 230 therebetween. A spring 232 maintains a 
normal separation between upper portion 226 and 
lower portion 228. and thus a selected size for chamber 
230. A cup 234 is provided at the top of top portion 226 
against the bottom of which the tip of piercer 60 bears 
when the piercer is inserted into the lubrication station. 
A first normally-closed valve 236 separates chamber 
230 from cup 234 and a second normally-closed valve 
238 separates chamber 230 from the fluid 222 of the 
reservoir. Valve 236 is opened to permit fluid flow from 
chamber 230 to cup 234 when upper part 226 is moved 
down relative to lower part 228 under pressure from 
piercer 60 against the action of spring 232, and valve 
238 is opened to permit fluid from reservoir 222 to flow 
into chamber 230 when pressure is relieved by piercer 
60. permitting upper part 226 to return to its normal 
position under the action of spring 232 to restore cham- 
ber 230 to its normal size. For the embodiment shown in 
Fig. 13 and 14 A, a plurality of drain holes 240 are pro- 
vided around the periphery of the cap 242 mounting 
purrp 224 in reservoir 220 to permit excess lubricant 
overflowir^ from cup 234 to drain back into the reser- 
vcMr. For the embodiment shown in Fig. 148, lubricant 
overflowing from cup 234 flows down an angled channel 
245 which leads into a waste drain 246. A O-ring seal 
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248 seals the gap between top part 226 of pump 224 
and the upper structure 244 which contains channel 
245. 

The lubrication station also has a bru^ holder 250 
in which brushes 252 are mounted, for example four 5 
equally spaced brushes at two different levels. The 
brushes wipe excess oil from piercer 60 as it is being 
removed from the lubrication station. This excess oil is 
flowed back into reservoir 220 through the holes 240 (or 
is disposed of for the Fig. 14B embodiment in the man- 
ner shown therein). 

Operation 

The operation of the system 1 0 is as follows: is 

1 . Positioning mechanism 30 is initially moved to its 
home position with probe 62 positioned over wash 
cup 40 and with assembly 58 in its fully raised posi- 
tion so that Z flag 96 is in position to be sensed by 20 
sensor 98 (Fig. 3). With the system in this position, 
one or more racks 1 8, each of which contains a plu- 
rality of sealed containers 12. may be nxjunted at 
container mounting station 22 between supports 

20. 25 

2. Mechanism 30 is then operated by the controls to 
position piercer 60 over lubrication station 38. 

3. Assembly 58 then moves down under control of so 
the system control by the action of gear 54 on rack 
56, piercer 60 and the foot mechanism moving 
down under the action of gravity in the manner pre- 
viously discussed with mechanism 58. When foot 

68 reaches the top of brush assembly 250 as ss 
shown in Fig. 13, hole 74 in shaft 64 of the foot 
assembly moves up to be detected by sensor 76, 
causing linear solenoid 78 to be activated to lock 
the foot mechanism in place. This also causes 
rotary solenoid 86 to be activated to move pawl 84 40 
into grove 80 of piercer 60 causing the piercer to 
move with assembly 58. This results in piercer 60 
passing between brushes 252 and into contact with 
the bottom of cup 234. Continued downward move- 
ment of piercer 60 results in the upper portion 226 45 
of pump 224 moving downward relative to the lower 
portion of the pump 228. This result in a decrease 
in the size of chamber 230 and causes valve 236 to 
open to permit lubricant from charrt)er 230 to flow 
into cup 234. As previously indicated, this quantity so 
of lubricant is sufficient to cause cup 234 to fill to 
overf bwing so that the piercer tip is fully coated with 
lubricant. 

4. Assent»ly 58 is then moved upward to pull the ss 
piercer tip 164 through brushes 252, wiping off any 
excess lubricant, and to withdraw the piercer into 
foot or guard 68. Once the piercer is fully within foot 



68. rotary solenoid 86 is deenergized, moving pawl 
84 in a clockwise direction to remove the pawl from 
groove 80. and solenoid 78 is released so that 
detent 72 operating in conjunction with the top of 
assembly 58 may move the foot mechanism, includ- 
ing the piercer nested therein, ^>ward to the fully 
raised Z position, with flag 96 detected by flag 
detector 98. 



6. Assembly 58 is then moved down in a manner 
previously described until foot 68 makes contact 
with the top of the stopper 1 4 for the container 1 2 to 
be accessed. When this occurs, solenoid 78 and 
rotary solenoid 86 are again activated in a manner 
previously described to lock the foot mechanism 
against the top of the stopper and to attach the 
piercer 60 to move downward with assembly 58. At 
this time, pump 172 (Figs. 8 and 12) is preferably 
activated to cause suction to be applied through 
tube 170 and channel 166 to vent holes 164 in the 
piercer tip. As the piercer moves down through the 
stopper, making a cut therein, the silicon oil or other 
lubricant from the lubrication station 38 coats the 
cut. inhibiting the formation of stopper debris and 
facilitating the passage of the pierce* through the 
stopper. To the extent any stopper debris may be 
produced as the piercer passes through the stop- 
per, such debris may also be sucked in and 
removed through vent holes 164. When the piercer 
reaches the bottom of its movement, the piercer is 
above the level of the fluid/plasma 1 13 in container 
12 and holes 164 are positioned under the stopper 
as shown in Fig. 8 to suction out any blood cells or 
other blood debris which may have accumulated 
under the stopper and which may result in false 
indications of the liquid level being reached by 
probe 62 or In contamination of a plasma sanrple to 
be taken. The piercer remains in container 12 for a 
sufficient period of time to permit all potential debris 
to be removed, for example one second. While for 
one emtxxJiment of the invention, once all debris 
has been fully removed, including passing through 
pump 1 72 to a waste line, pump 1 72 may be turned 
off and pinch valve 208 nr^y be opened to permit 
pressure in container 12 to be equalized with that 
outside the container, this significantly increases 
the time that the piercer must be maintained in the 
container and therefore slows system operation. It 
is therefore considered preferable to do this equali- 
zation operation with the probe 62 in the manner to 
be described later. 

7. Assembly 58 may then be raised to pull piercer 



TO 5. The XY positioning mechanisms of mechanism 
- 30 th»i operate to position the tip of piercer 60 
directly over the center of the stopper 14 for the 
container 12 to be accessed. 
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60 from container 12. During this operation, foot 68 
is still locked down on cap 14 to hold the cap and 
container down as the piercer is being pulled up 
and to thus strip the piercer from the cap. It is noted 
that suction is still t>eing applied by pump 1 72 at this 5 
time so that the stripping operation can begin while 
debris Is still in the line and before such debris has 
cleared the pump; however, the pump must con- 
tinue to operate until debris has fully cleared the 
pump arrd out the exit end extending from ^e cover 70 
of tiie tp wash station 40. Since the pump is contin- 
uing to operate as the piercer is being stripped, 
stopper debris may also be removed during the 
stripping operation. Once the piercer has been fully 
stripped from cap 14. a cut remains in the cap 75 
which may be used by the probe in a manner to be 
described shortly. As before, when hole 74 is 
detected by detector 76, the piercer mechanism is 
released under the action of rotary solenoid 86 and 
the foot mechanism is release by solenoid 78 so 20 
that the entire piercer/probe/foot mechanism 
assembly may be returned to its fully raised Z posi- 
tion. 

8. The XY positioning mechanism then moves the 25 
assembly 58 to position probe 62 over the stopper 
and centered on the cut in the stopper made by the 
piercer. 

9. Assembly 58 is then moved down until the foot so 
mechanism 68 again makes contact with stopper 

14 causing an output from detector 76 which oper- 
ates solenoid 78 to lock the foot in place. However, 
in tiiis case, piercer 68 is not locked to assembly 58 
and tiierefore remains in foot 68 above cap 14. 3s 
However, probe 62. which is attached to assembly 
58 continues to move down and passes through the 
cut or hole formed by the piercer and into the con- 
tainer 12. Since the probe needs to pass only 
through an existing hole or cut. the probe does not 40 
need to have a sharp tip. The thin film of silicone oil 
left in the hole by the piercer helps to lubricate 
probe 62 sliding through the stopper and also pre- 
vents the formation of stopper debris by such slid- 
ing action. 45 

At tills point it should be noted that the bottom 
surface of foot or guard 68. which surface is in con- 
tact with tiie top of stopper 14, is of a size and 
shape such that for both percer insertion and probe 
insertion, the foot is over only a single container so 
and does not make contact with adjacent contain- 
ers in the same or an adjacent rack. This is impor- 
tant since all of the corttainers may not be at the 
same height in a rack and a foot making contact 
with an adjacent contairier which is at a higher level 55 
could prevent proper insertion of the piercer and 
probe into the container, resulting in improper sys- 
tem operation. Further, as can be seen in the fig- 



ures, when the piercer is to be inserted in a stopper, 
the probe is higher in foot guard 68 than tiie piercer 
so tiiat the probe does not make contact with the 
stopper when the piercer is in its fully inserted posi- 
tion. Similarly, the piercer is not engaged by tiie ver- 
tical drive mechanism when the probe is to be 
inserted through a stopper and remains nested in 
tiie locked- down foot above the level of the stopper 
during probe insertion. As a result, the probe and 
piercer can be close together, permitting denser 
packing of containers at station 22. 

10. The sample probe continues to move down until 
its tip. including vent holes 126, are below the bot- 
tom of cap 14. If at this p>oint there is a liquid level 
detection from a liqiid level detector to be men- 
tioned later which is part of the probe, this indicates 
that all of the debris under the cap was not removed 
and poses a potential for sample contamination. 
Therefore, for a preferred embodiment, such detec- 
tion will result in the sarrpling operation being 
aborted and the probe being removed from the con- 
tainer. At this point, the controls 1 1 may either rein- 
sert the piercer 60 in an effort to remove this debris 
and then try inserting the probe again, or sam- 
pling/testing may merely not be perbrmed on the 
container. When the probe is below cap 14. pinch 
valve 100 can be opened to permit air to flow 
tiirough tijbe 152. ti^ 150. valve 100, joint 146, 
port 144, channel 124 and vent holes 126 into con- 
tainer 12 to equalize the pressure inside and out- 
side the container. As indicated earlier, it is 
preferable to do tiie equalization function at this 
time with the probe since it does not add to the time 
required for tiie process, rather than doing the 
equalization function with the piercer where it does 
add time to tiie perforn^ce of the operation. . 

1 1 . The probe continues to move down to the posi- 
tion shown in Fig. 7 with its tip under the surface of 
tiie plasma 113, but witii vent holes 126 above this 
surface. Standard electi-onic liquid level sensing uti- 
lizing capadtor sensing, which sensing may be of 
tiie type disclosed in U.S. Patent No. 5,212,992 
issued May 25, 1993, can be used to detect the 
sample surface. A sample is then sucked up into 
central tube 114 by punrp 140 causing tiie plasma 
. level to drop. As this occurs, replacement air is 
drawn into container 12 above the liquid surface 
through pinch valve 100 and the vent holes 126. 
Further, as the sample is withdrawn, the probe 
slowly moves down to follow the lowering sample 
surface. For a preferred emkxxijment. this is accom- 
plished by tiie control processor 1 1 knowing the 
quantity of fluid which is being aspirated or with- 
drawn, determining from this and the size of the 
container the drop in fluid level and tiien controlling 
the Z movement mechanism to move the probe 
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down accordingly. Atternatively. the liquid level 
detection mechanism may be utilized to control this 
downward movement of the probe. The result is 
that the depth of the probe in plasma 113 is main- 
tained between the tip o1 the probe and vent holes 5 
126. 

1 2. AsseniDly 58 is then raised to lift the probe from 
container 12, foot 68 locking down on stopper 14 to 
facilitate stripping of the probe from stopper 1 4, and 10 
the foot mechanism being released to move up with 
assembly 58 in response to the detection of hole 74 

by detector 76. 

13. Once the assembly 58 reaches its fully raised is 
position, positioning mechanism 30 is operated so 

as to position the probe 62 over the cuvette 16 into 
which a sample is to be dispensed. 

14. The Z positioning mechanism is then operated 20 
to move assembly 58 and the sample probe 
attached thereto down until the probe is partway 
Into cuvette 16. Pump 140 then dispenses a precise 
amount of the sample from the probe tip into the 
cuvette in a manner known In the art. Assembly 58 2S 
and the probe are then raised to return the assem- 
bly to its fully raised or home Z position. 

15. As it is known in the art. the sample originally 
aspirated may be utilized for a single dispensing 30 
into a cuvette or may be utilized for multiple dis- 
pensing into several cuvettes. Steps 13 and 14 may 
therefore be repeated multiple time until all cuvettes 
which are to receive sanples from the aspiration 
done during step 1 1 have been completed. 3$ 

16. When all sanples to be dispensed from the 
probe have been dispensed, positioning mecha- 
nism 30 moves the probe in the XY direction so that 
probe 62 is directly over the dunrp sump area 189 40 
of Wash station 36 (Fig. 12). The sample probe is 
then moved down in the manner previously dis- 
cussed into sump 189 and the displacement pump 
140 is operated to dispense the remaining sample 
plus at least some of the wash fluid in tubing 114 4S 
behind the sample. This dispensing of wash fluid 
assures that all of the sanple has in fact been 
dumped iso as to prevent contamination of subse- 
quent samples and the wash fluid flowing through 
tiA)e 1 14 and opening 1 12 in the tip of the probe so 
washes remaining remnants of the sample from the 
inside of the probe to further protect against con- 
tamination. Once the dump operation has been 
conrpieted. assembly 58 and the sanple probe 
attached thereto are returned to the fully raised Y ss 
position. 

1 7. While if there is to be multiple dispensing from a 



given container 12, this would normally be done in 
a manner indicated for step 15 above, it is also pos- 
sible to have only a single dispensing for each aspi- 
ration. In this case, if multiple samples are required 
from a given container, after step 16 is completed, 
positioning mechanism 30 would return to Its home 
position with probe 62 over tip wash station 40. The 
probe tip would then be lower in the manner previ- 
ously discussed into the wash station to clean the 
tip in standard manner. The probe and assemt)ly 58 
to which it is attached would then be raised to their 
fully raised Z position. Steps 8-16 would then be 
repeated, with the sanple probe entering the con- 
tainer 12 through the cut made by the piercer. 
Depending on the material of the stopper and other 
factors, this step may be repeated a number of 
times, as required, before the stopper condition 
woukl be such that further passage of the probe 
through the cut would risk sufficient stopper debris 
being generated as to make sample aspiration 
unreliat)le. 

18. After step 16 is performed for the last time for a 
given container 12. the XY positioning mechanism 
30 is operated so that sanple probe 62 is directly 
over its wash well 1 82 and piercer 60 is directly over 
its wash well 1 80. Assembly 58 is then moved down 
until pawl 84 is adjacent groove 82 in the piercer 60. 
this being determined by the control microproces- 
sor counting steps from the stepper motor 55 after 
sensor 76 sees hole 74. At a predetermined 
number of steps, solenoid 86 is energized to 
engage pawl 84 in this groove. Assembly 58 then 
continues to move down until both the piercer arxS 
probe are fully extended into their respective wash 
welts as shown in Fig. 11 with the probe being 
below the piercer. 

1 9. As probe 62 moves down into its well 1 82. punp 
194 starts to punp wash fluid, normally water, in at 
the top of the well and. with pinch valve 100 closed, 
punp 148 starts pumping air into the well through 
holes 126. When protae 62 conpletes its downward 
motion into its well, positive displacement punp 
140 dispenses additional wash fluid through line 
114 and probe tip 112. These combined wash 
inputs fill well 182 and wash the exterior of the 
probe, the wash fluid flowing therethrough also 
washing the interior of the probe. When pump 194 
stops, purrp 200 is actuated to punp the wash fluid 
out of the well and orrto the waste line 192. During 
the entire time that wash fluid is in well 182, air is 
slowly pumped out through vents 126 to prevent 
wash fluid from getting into the vents and thus into 
air channel 124. At the same time that the sanple 
probe is getting washed, piercer 60 is getting 
washed in its well 180. This is apconplished by 
spraying multiple jets of wash fluid on its exterior at 
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least as it moves oiJt of the well. This wash fluid is 
pumped into the well by pumps 186A and 186B. At 
all times that piercer 60 is in its well 180. pump 1 72 
slowly pumps air out through vent holes 164 so that 
wash fluid is prevented from getting into the vents s 
and into channels 166 and 170. Water may be 
pumped during the entire wash cycle: however, for 
a preferred embodiment, washing, at least for probe 
62, occurs for roughly half the wash cycle, and air is 
pumped over the probe for the remairxJer of the to 
cyde to dry the probe. Air drying could also be done 
for the piercer. 

20. When the wash cycle is completed, assembly 

58 is raised in a manner previously discussed to is 
move both piercer 60 and probe 62 out of the wash 
station and to return them to their home positions in 
foot 68. Assembly 58 is then returned to its fully 
raised position and the positioning mechanism is 
returned to its home position. so 

21 . At this point the operation may return to step 2 
so that aspiration and dispensing operations may 
begin for another container. Steps 2-20 will then be 
repeated for that container as appropriate and the 25 
sequence of operations will be repeated until 
accessing and aspiration of all containers to be 
sampled has been completed. It should be noted 
that at any point in the operation, an additional aspi- 
ration or sampling can be performed on a container 30 
which was prevbusly sampled. In this case, steps 
2-7 would not be repeated and the operation for this 
container would start with step 8. with the probe 
mechanism over the cut previously made. Such 
accesses by the probe through a cut can be per- 35 
formed a number of times until the condition of the 
stopper would make such passing of the probe 
through the stopper no longer desirable. When 
sampling is completed on all containers at con- 
tainer mounting station 22, step 1 may be repeated. 4o 
with the racks containing the used containers being 
removed and racks with new containers to be sam- 
pled being mourrted at the station. 

A system for rapidly and accurately sampling 45 
sealed containers while minimizing potential contamina- 
tion problems is thus provided. For a preferred embodi- 
ment, steps 2-20 can be completed in approximately 
14-15 seconds, permitting approximately four sampling 
operations per minute. so 

While the invention has been described above with 
respect to a preferred emtxxjiment utilized for perform- 
ing plasma analysis, it is apparent that the irrvention 
could find other applications for sampling additional 
bodily fluid such as serum. More generally the teach- ss 
ings of this invention might find application in any situa- 
tion where access is required to the contents of a 
container which is piercably sealed. Further, while spe- 



df ic mechanisms are shown for performing the various 
positioning, lubricating, washing, probing, piercing sind 
other functions, these mechanisms are by way of exam- 
ple only and other mechanisms adapted for performing 
these various functions may be utilized. Further, while 
the lubricating station shown in Figs. 13. 14A and 14B is 
shown utilized for lubricating the piercer of this inven- 
tion, this device may be utilized to coat a lubricant or 
other required liquid on a pointed stylus in other applica- 
tions. Thus, while the invention has been particularly 
shown and descrit>ed atx>ve with reference to a pre- 
fen-ed embodinient. the foregoing other changes in form 
and detail may be made therein by one skilled in the art 
while still remaining within the spirit and scope of the 
invention and the invention is only to be limited by the 
following daims. 

Claims 

1. Apparatus for accessing fluid in a container which 
container is sealed by a piercable seal comprising: 

a piercer; 

a probe having a hollow tube into which said 
fluid may be drawn; 
. a first mechanism for moving both the piercer 
and the probe In the Z direction perpendicular 
to said seal, at least one of said piercer and 
probe not normally moving with the first mech- 
anism, but being selectively attachable to move 
therewith; 

a second mechanism which moves the first 
mechanism, including the piercer and the 
prot>e in X and Y directions substantially per- 
pendicular to the Z direction; and 
controls for operating said first and second 
mechanisms to have said piercer pierce the 
seal of a container while the probe Is main- 
tained a selected distance atx>ve the seal to 
withdraw the. piercer from the seal, leaving a 
cut. and to then have the probe pass through 
said cut In the seal to enter said fluid while the 
piercer is maintained at a selected distarx;e 
above the seal. 

2. Apparatus as claimed in claim 1 Induding a foot 
through which said piercer and probe pass, said 
foot being at the bottom of a foot mechanism which 
is mounted to normally nnove with said first mecha- 
nism in tiie Z direction, said controls locking said 
foot mechanism against Z direction movement 
when the foot is lowered into contact with the seal of 
a container and releasing the foot mechanism to 
again move with the first mechanism when the first 
mechanism has risen to a predetermined position. 

3. Apparatus as claimed in claim 2 wherein there are 
a plurality of said containers to be accessed which 
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containers are mounted adjacent each other with a 
selected space therebetween, and wherein the foot 
has a lower seal-contacting surface of a size and 
shape such that said lower surface contacts only 
the seal for the container being accessed and does 
not contact the seal for an adjacent container when 
the foot is lowered for the piercing of the seal by the 
piercer and when the foot is lowered fa entry of the 
probe through the seal. 

4. Apparatus as claimed in daim 2 wherein said foot 
mechanism and at least one of said piercer and 
said probe are normally moved downward In the Z 
direction by gravity, such downward movement 
t>eing restrained by detents limiting how far below 
the first mechanism they may fall, a first locking 
component operated by said controls for locking 
said foot mechanism against Z direction movement 
under selected conditions, and a second tocking 
component operated by said controls under 
selected conditions for locking the at least one of 
said piercer and said probe to the first mechanism 
to move therewith in the Z direction. 

5. Apparatus as claimed in claim 4 wherein said 
piercer normally rests within, and Is detented 
against independent downward movement by. said 
foot, and wherein when said second locking compo- 
nent locks the piercer to the first mechanism, the 
first mechanism moves the piercer downward and 
upward through the foot. 

6. Apparatus as claimed in claim 1 including a lubrica- 
tion station, said controls operating said first and 
second mechanisms to position the piercer over 
and to dip the piercer into the lubrication station 
before moving the piercer to pierce said seal. 

7. Apparatus as claimed in daim 6 wherein said lubri- 
cation station includes means for controlling the 
depth to which said piercer is lubricated, 

8. Apparatus as claimed in daim 7 wherein said lubri- 
cating station includes means for renwing excess 
lubricant from the piercer before the piercer is 
moved to pierce the seal. 

9. Apparatus as daimed in claim 1 wherein said 
piercer has a plurality of vent holes circunrtferentially 
positioned above its tip arxj a channel leading from 
the vent holes out of the piercer; and including a 
suction source connected to said channel, said 
controls operating said suction source to apply suc- 
tion to the vent holes from a time before the piercer 
pierces the seal to a time after the piercer is 
removed from the seal. 

10. Apparatus as daimed in daim 9 wherein said 



piercer, including said vent hdes. have smooth 
rounded edges to minimize abrasion of the seal as 
the piercer is passed therethrough. 

5 11. Apparatus as daimed in claim 1 wherein said probe 
is part of a liquid level detection mechanism, and 
wherein said controls are operative in response to 
an output from said liquid level detection mecha- 
nism before the probe has advanced sufficiently 

10 into the container to contact flukJ for aborting 
accessing fluid from the container by the probe. 

12. Apparatus as dain\ed in claim 1 wherein said probe 
Is part of a liquid level detection mechanism, 

IS wherein said probe has vent holes a selected dis- 
tance above its tip through which pressure inside 
and outside the container are equalized when the 
probe enters the container, and wherein said con- 
trols operate with said Iquid level detection mecha- 

20 nism to control said first mechanism so that the 
probe enters fiukJ in the container to a depth 
between the vent holes and the probe tip and to 
k)wer the probe as fluid is removed by the probe to 
maintain the depth of the probe in the fluid within 

25 such range. 

13. Apparatus as daimed in claim 1 including a wash 
station for said piercer and probe, said controls 
operatng the first mechanism and the second 

30 mechanism to move the piercer and probe over and 
to immerse the piercer and probe in the wash sta- 
tion when accessing operations for a container 
have tDeen connpleted. 

35 14. Apparatus as claimed in daim 13 wherein each of 
said piercer and probe has vent holes leading to a 
channel therein, and including an air , pressure 
source connected to each said channel, said con- 
trols operating each said air pressure source to 

40 Wow air out through said vent holes when the 
piercer and probe are immersed in the wash sta- 
tion, thereby keeping wash fluid out of the holes and 
channels. 

45 15. Apparatus as daimed in claim 13 wherein said 
wash station has a separate well for the piercer and 
the probe, and wherein said contrds cause a wash- 
ing fluid to f tow through each well during a first part 
of a wash cycle to wash the element therein, and 

so cause air to be f towed through the well for at least 
the probe for a second part of the wash cycle to dry 
the corresponding element. 

16. Apparatus for accessing fluid in a container sealed 
55 by a piercable seal corrprising: 

a piercer; 

a probe having a hollow tube into which said 
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fluid may be drawn: 

a first mechanem for moving both the piercer 
and the probe in the Z direction perpendicular 
to said seal 

a second mechanism which moves the first 
mechanism, including the piercer and probe in 
X and Y directions substantially perpendicular 
to the 2 direction; 

a foot through which said piercer and prot>e 
pass, said foot being at the bottom of a foot 
mechanism which is mounted to normally 
move with said first mechanism in the Z direc- 
tion; and 

controls for operating said first and second 
mechanisms to have said piercer pierce the 
seal of a container, to withdraw the piercer from 
the seal, leaving a cut in the seal, arxl to then 
have the probe pass through said cut in the 
seal to erttor said fluid, said controls locking 
said foot mechanism against Z direction move- 
ment when the foot is lowered into contact with 
the seal of a container and releasing the foot 
mechanism to again move with tiie first mecha- 
nism when the first mechanism has risen to a 
predetermined position. 

17. Apparatus as claimed in daim 16 wherein there are 
a plurality of said containers to be accessed, which 
containers are mounted adjacent each other with a 
selected ^ce therebetween, and wherein the foot 
has a lower seal-contacting surface of a size arKi 
shape such that said lower surface contacts only 
the seat for the container being accessed and does 
not contact the seal for an adjacent container when 
the foot is lowered for the piercing of the seal by the 
piercer and when the foot Is lowered for ^ry of the 
probe through the seal. 

18. Apparatus as claimed in claim 16 wherein said foot 
mechanism and at least one of said piercer arKf 
said probe are normally moved downward in the Z 
direction by gravity, such downward movement 
being restrained by detents limittng how far below 
the first mechanism they may fall, a first locking 
component operated by said controls for locking 
said foot mechanism against Z direction movement 
under selected conditions, and a second locking 
component operated by said controls under 
selected condition for locking the at least one of 
said piercer and said probe to the first mechanism 
to move therewith in the Z direction. 

19. Apparatus as claimed in daim 18 wherein said 
piercer normally rests within, and is detented 
against independent downward movement by. said 
foot, and wherein when said second locking compo- 
nent locks the piercer to the first mechanism, the 
first mechanism moving the piercer downward and 



upward through the foot. 

20. Apparatus for accessing fluid in a container sealed 
by a piercable seal comprising: 

5 

a piercer; 

a probe having a hollow tube into which said 
fluid may be drawn; 

a first mechanism for moving both the piercer 
10 and the probe in the Z direction perpendicular 

to said seal 

a second mechanism which moves the first 
mechanism, including the piercer and probe in 
X and Y directions substantially perpendicular 

15 to the Z direction; 

a lubrication station; and 
controls for^ operating said first and second 
mechanisms to have saki piercer pierce the 
seal of a container, to withdraw the piercer from 

20 the seal, leaving a cut in the seal, and to then 

have the probe pass through said cut in the 
seal to enter said fluid, the controls operating 
said first and second mechanism to position 
the piercer over and to dip the percer into the 

25 lut>rlcation station before moving the piercer to 

pierce said seal. 

21. Apparatus as daimed in claim 20 wherein said 
lubrication station includes means for controlling 

30 the depth to which said piercer is lubricated. 

22. Apparatus as daimed in claim 20 wherein said 
lubrication station includes means for removing 
excess lubricant from the piercer before the piercer 

35 is moved to pierce the seal. 

23. Apparatus for accessing fluid in a container sealed 
by a piercable seal comprising: 



40 



45 



so 



55 



a piercer having a plurality of vent holes cir- 
cumferentially positioned above its tip and a 
channel leading from the vent holes out of the 
piercer; 

a suction source connected to sakj channel; 
a probe having a hollow tube into which said 
fluid may be drawn; 

a first mechanism for movirig both the piercer 
and the probe in the Z direction perperKlicular 
to sakj seal ; 

a second mechanism which moves the first 
mechanism, including the piercer and probe in 
X and Y directions substantially perpendicular 
to the Z direction; and 

controls for operating said first and second 
mechanisms to have sakJ piercer pierce the 
seal of a corrtainer. to withdraw the piercer from 
the seal, leaving a cut in the seal, and to then 
have the probe pass through said cut in the 
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seal to enter said fluid, the controls operating 
said suction source to apply suction to the vent 
holes from a time before the piercer pierces the 
seal to a time after the piercer is removed from 
the seal. 

24. Apparatus as claimed in claim 23 wherein said 
piercer, Including said vent holes, have smooth 
rounded edges to minimize abrasion of the seal as 
the piercer is passed therethrough. 

25. A method for accessing a fluid in a container, which 
container Is sealed by a piercaWe seal, comprising 
the steps of: 

(a) positioning a foot mechanism and a piercer 
over substantially the center of the seal for a 
corrtainer to be accessed; 

(b) moving both the foot mechanism and 
piercer down until a foot at the bottom of the 
foot mechanism contacts the top of the seal; 

(c) locking the foot mechanism In contact with 
the seal; 

(d) moving the piercer down through the foot 
and the seal to form a cut In the seal; 

(e) moving the piercer upward to, in conjunction 
with the foot holding the seal against upward 
motion, strip the piercer from the seal; 

(f) unlocking the foot mechanism and moving 
both the fool mechansm and the piercer 
upward; 

(g) positioning the foot mechanism and a probe 
over \he cut in the seal made by the piercer; 

(h) moving the foot mechanism and probe 
down until the foot contacts the top of the seal 
and locking the foot mechanism In that position; 

(i) moving the probe down through the cut in 
the seal made by the piercer and Immersing 
the tip of the probe in said fluid; 

(j) accessing the fluid through the probe; 

(k) moving the probe upward to, in conjunction 

with the foot holding the seal against upward 

motion, strip the probe from the seal; 

(I) unlocking the foot mechanism artd moving 

both the foot mechanism and the probe 

upward; 

26. A method as claimed in daim 25 including the step 
performed during step (d), while the piercer tip is in 
the container and during step (e) of applying suc- 
tion through a channel in the piercer and vent holes 
circumferentially formed above said tip to remove 
debris from the area In the container underneath 
the seal. , 

27. A method as claimed in claim 25 including the steps 
performed before step (a) of: 



(m) positioning the piercer over a lubricating 
station; 

(n) moving the piercer downward to dip the tip 
of the piercer up to a selected depth into a 
5 lubricant; and 

(o) raising the piercer out of the lubrication sta- 
tion. 

28. A method as claimed in claim 27 wherein step (o) 
10 includes the step of wiping excess lubricant from 

the tip of said probe. 

29. A method as claimed in claim 25 vt^erein. during 
step (c). air enters the container through vent holes 

15 In the probe to equalize pressure inside and outside 
tfie container, and tiie probe is lowered into the fluid 
to a depth between the vent holes and the probe tip; 
and wherein during step (j). tiie probe is k>wered as 
fluid is withdrawn to maintain the depth of the probe 

20 in the fluid within such range. 

30. A method as claimed In darm 25 including tiie steps 
performed after step (I) of: 

25 (p) positioning the piercer and the probe over a 

wash station: 

(q) towering the piercer and the probe to 
immerse tXTth in the wash station; 
(r) performing a wash operation on the piercer 
30 and prol>e; and 

(s) raising the piercer and probe out of the 
wash station. 

31. A method as claimed in claim 30 vitierein at least 
35 one of said piercer and probe has vent holes lead- 
ing to channel tiierein. and wherein during all times 
tiiat the piercer and probe are in the wash station 
air is blown out tiirough said vent holes, thereby 
keeping wash fluid out of the holes and channels. 

40 

32. A method as claimed In claim 30 wherein said wash 
station has a separate well for tiie piercer and the 
probe, and wherein step (r) includes the steps of 
fk>wing a washing fluid through each well during a 

45 first part of a wash cycle to wash the piercer^robe 
therein, and flowing air through tiie well for at least 
the probe during a second part of each wash cycle 
to dry the element. 

so 33. A mechanism for iteratively applying a liquid coating 
to an element tip up to a selected deptii thereof 
comprising: 

a fluid resen/oir; and 
55 a pump having a top portion and a bottom por- 

tion with a sealed chant>er normally formed 
therebetween, the top portion being movable 
vertically relative to tiie bottom portion to 
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34. A mechanism as claimed in claim 33 wherein said 20 
quantity of liquid which flows from said chamber 
into said cup is sufficient to cause some liquid over- 
flow from the cup. thereby assuring that the cup is 
completely full. 

25 

35. A mechanism as claimed in daim 33 wherein said 
mechanism is a lubrication module, and wherein 
said liquid is a lubricant. 

36. A mechanism as claimed in claim 33 including a 30 
wiper positioned to be passed through by said ele- 
ment tip after leaving the cup to rerrxsve excess liq- 
uid from said tip. 

37. Apparatus for accessing fluid in a container which 35 
container is sealed by a piercaUe seal conrprising: 



trols locking said root mechanism to prevent 
further Z direction movement with the first 
mechanism when the foot is lowered into con- 
tact with the seal of a container, and releasing 
the foot mechanism to again move with the first 
mechanism when the first mechanism has 
risen to a predetermined position sufficient to 
fully remove the component from the container, 
including the seal, the locked foot mechanism 
facilitating striping of the comp>onent from the 
seal. 

38. Apparatus as claimed In claim 37 wherein there are 
a plurality of said containers to be accessed which 
containers are mounted adjacent each other with a 
selected space therebetween, and wherein the foot 
has a lower seal-contacting surface of a size and 
shape such that said lower surface contacts only 
the seal for the container being accessed and does 
not contact the seal for an adjacent container when 
the foot is lowered for entry of the component 
through the seal. 

39. Apparatus as claimed In claim 37 or 38 wherein 
said foot mechanism and said component are nor- 
mally moved downward in the Z direction by gravity, 
such downward movement being restrained by 
detents limiting how far below the first mechanism 
they may fall, a first locking conponent operated by 
said controls for locking said foot mechanism 
against Z direction movement under selected con- 
ditions, and a second locking component operated 
by said controls under selected conditions for lock- 
ing the component to the first mechanism to move 
therewith in the Z direction. 



change the size of said chamber, said pump 
being positioned in said reservoir, a cup at the 
top ol said top portion being moved down to 
decrease the size of said chamber when said 
element tip is pressed into said cup. said pump 5 
including means operative to return the cham- 
ber to its original size when the element tip is 
no longer pressed In tine cup. a first normally- 
closed valve which is opened when the cham- 
ber size Is decreased to permit a quantity of liq- 10 
uid in the chamber, which quantity Is at least 
sufficient to cause said cup to be filled, to flow 
from the chamber into the cup, and a second 
normally-closed valve which is opened when 
sard chamber is being returned to its original 75 
size to permit liquid to flow from said reservoir 
into said chamber to substantially refill said 
chamber with liquid. 



a tipped component for piercing said seal; 
a first mechanism for moving the component in 
the Z direction perpendicular to said seal, said 40 
component not normally nrx)ving with the first 
mechanism, but t>eing selectively attachable to 
nrK)ve therewith; 

a foot through which said component passes, 
said foot being at the bottom of a foot mecha- 4S 
nism which Is mounted to normally move with 
said first mechanism in the Z direction; 
a second mechanism which rmves the first 
mechanism. Including the component In at 
least one direction substantially perperKticular so 
to the Z direction; and 

controls for operating said second mechanism 
to position said component over the seal of a 
container, for operating the first mechanism to 
then lower the conponent to pass through the ss 
seal, and for subsequentiy operating the first 
mechanism to raise the component through the 
seal to remove it from the container, said oon- 
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may subsequently enter the container. A foot mecha- 
nism (64. 66, 68) is provided which is held against the 
stopper or seal for the container during piercer or probe 
removal for stripping purposes and through which the 
probe and piercer pass, the size arid shape of the foot 
(68) bing such that for both piercing and probing opera- 
tions, it is over only a single corrtainer (12). The piercer 
(60) and probe (62) are operated such that the one not 
being used is in each instance in a raised position rela- 
tive to the one being used. A lubrication station is pro- 
vided in which the piercer is dipped prior to use to 
facilitate the piercing operation, to coat the cut and to 
minimize stopper debris. A wash station is also pro- 
vided. 
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